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e COVID-19 reduces ACE2 expression, which may reduce NO airway production.
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e FeNO measurements lower than 11.8 PPB are associated with poor COVID-19
hospitalization outcomes.
e FeNO measurements can assist the clinicians’ COVID-19 decision making process.
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Abstract

Objective: To assess the feasibility of Fractional exhaled Nitric Oxide (FeENO) as a simple,
non-invasive, cost-effective and portable biomarker and decision support tool for risk
stratification of COVID-19 patients.

Methods: We conducted a single-center prospective cohort study of COVID-19 patients
whose FeNO levels were measured upon ward admission by the Vivatmo-me handheld
device. Demographics, COVID-19 symptoms, and relevant hospitalization details were
retrieved from the hospital databases. The patients were divided into those discharged to
recover at home and those who died during hospitalization or required admission to an
intensive care unit, internal medicine ward, or dedicated facility (severe outcomes group).
Results: Fifty-six patients were enrolled. The only significant demographic difference
between the severe outcomes patients (n=14) and the home discharge patients (n=42) was age
(64.21£13.97 vs. 53.98+15.57 years, respectively, P=.04). The admission FeNO
measurement was significantly lower in the former group compared with the latter group
(15.86+14.74 vs. 25.77+13.79, parts per billion [PPB], respectively, P=.008). Time to severe
outcome among patients with FeNO measurements <11.8 PPB was significantly shorter
compared with patients whose FeENO measured >11.8 PPB (19.25+2.96 vs. 24.41+1.09 days,
respectively, 95% confidence interval [CI] 1.06 to 4.25). An admission FeNO <11.8 PPB was
a significant risk factor for severe outcomes (odds ratio=12.8, 95% CI: 2.78 to 58.88,
P=.001), with a receiver operating characteristics curve of 0.752.

Conclusions: FeNO measurements by the Vivatmo-me handheld device can serve as a
biomarker and COVID-19 support tool for medical teams. These easy-to-use, portable, and

noninvasive devices may serve as valuable ED bedside tools during a pandemic.
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1. INTRODUCTION

Since December 2019, the world has experienced an outbreak of coronavirus disease 2019
(COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Itis grossly estimated that in a little more than 1 year COVID-19 has
infected hundreds of millions and caused over 3 million deaths, with current estimations of
daily new cases in the hundreds of thousands worldwide. While the majority of patients will
experience a mild form of the disease, as many as 5% of infected patients will sustain a life-
threatening disease, such as acute respiratory distress syndrome and cardiovascular failure [1,
2] with complication rates reaching up to 21.6% among hospitalized patients [3]. The high
infectivity of SARS-CoV-2 and the significant associated morbidity and mortality, even
among monitored inpatients, led to medical systems being overwhelmed by the pandemic
worldwide.4 [4].

Risk stratification of new COVID-19 cases and optimization of the utilization of
existing medical systems in a limited resources environment are often mentioned among the
strategies to cope with the threat posed by COVID-19. These measures include the need to
improve patient and medical resource prioritization, reduce in-hospital team and patient
exposure to SARS-CoV-2 and other nosocomial infections, together with the identification
and early discharge of mild cases with favorable outcomes to home care. Several clinical
characteristics have been associated with poor prognosis of COVID-19 patients [5-7]. Early
discrimination between mild COVID-19 cases from moderate and severe cases that require
hospitalization and monitoring in internal wards or intensive care units (ICUs), however,
remains an unmet challenge [8]. This discrimination is crucial for clinical decision-making
and resource allocation in clinical dilemmas, such as who should be quarantined, hospitalized
in internal wards, or sent to an ICU. Therefore, the availability of an accessible, easy-to-use,

and affordable prognostic measure for COVID-19 patients is essential.
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Fractional exhaled Nitric Oxide (FeNO) is an easily achievable, noninvasive measurement of
exhaled air that is to known to be associated with respiratory dynamics in the clinical setting.
For instance, it was shown to be effective in monitoring asthma exacerbations and in
assessing the clinical course of various respiratory viral infections [9-13]. FeNO is produced
in airway epithelial and inflammatory cells mainly by the enzyme inducible nitric oxide
synthase (iNOS). Angiotensin-converting enzyme 2 (ACE2) was shown to be involved in
airway NO production via downstream effects on iNOS, [14-17] and to be a significant
airway and vascular regulator [18, 19]. Much like its counterpart SARS-CoV-1, SARS-CoV-
2 was shown to invade respiratory epithelial cells via the ACE2 receptor. Interestingly, ACE2
was shown to be downregulated during a SARS-CoV-1 infection [20]. It is therefore logical
to assume the existence of a negative correlation between SARS-CoV-2 infection burden and
ACE?2 airway expression, representing a correlation that could affect downstream airway NO
production and therefore FeNO measurements. Thus, FeNO may serve as an indirect
predictor of COVID-19 disease burden, allowing risk stratification and medical decision-
making regarding COVID-19 patients. The purpose of this study was to assess the potential
use of FeNO as a prognostic biomarker of outcome severity and its application as a tool for
risk stratification for supporting management decision-making of COVID-19 patients at

admission to the emergency department (ED).
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2. MATERIALS AND METHODS

2.1.Study Design
This was a single-center, prospective cohort study whose aim was to assess the
applicability of admission FeNO levels as a biomarker for hospitalization outcome of

COVID-19 patients.

2.2.Study Population
Adult patients hospitalized between December 2020 and March 2021 in dedicated
COVID-19 wards in the Tel Aviv Medical Center (TLVMC), a major tertiary hospital in
central Israel, were prospectively enrolled in this study. Inclusion criteria were a positive
oropharyngeal and nasopharyngeal swab SARS-CoV-2 PCR test and the ability to perform
the FeNO test. Patients unable or unwilling to sign an informed consent or to undergo the
FeNO measurement procedure were excluded from the study. This study was approved by the

TLVMC institutional ethics committee (IEC, 0355-20-TLV).

2.3.Study Procedure and Data Collection
Following enrolment, the study patients were given a short explanation of the

exhalation procedure and requested to perform the FeENO measurements. In order to optimize
the chances for successful measurement, each participant was requested to perform 3 FeNO
measurements, which were later averaged to represent the enrolment FeNO. They were then
requested to respond to a questionnaire on demographics (age, sex, and comorbidities),
COVID-19 symptoms (fever, fatigue, cough, myalgia, nasal congestion, sore throat, diarrhea,
and dyspnea), and onset dates. Further clinical data were obtained from electronic medical

files, including vital signs (temperature, heart rate, blood pressure, and O saturation),
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laboratory evaluations (complete blood counts, coagulation tests, biochemistry tests,
inflammatory markers, such as C-reactive protein [CRP], troponin, and venous blood gas
analysis) on admission and before discharge, length of stay, treatment, and clinical outcomes
(e.g., home discharge, transfer to an internal medicine ward, or transfer to the ICU, or death).

Follow-up telephone calls to the study participants were made 14 and 28 days after
hospital discharge. They were queried about the above-cited COVID-19 symptoms and
further need of medical attention. Hospital readmission and mortality during the 28 days post-
discharge were assessed via the TLVMC electronic medical files.

The cohort of patients was divided into 2 groups comprised of those who were
discharged home with no required additional medical attention (the “home discharge” group),
and those with subsequent complications/severe outcomes, including death, admission to the
ICU, mortality, or transfer to a non-COVID-19 internal medicine ward or a dedicated

COVID-19 medical ward for continuous medical treatment (the “severe outcome” group).

2.4.FeNO Measurement
Tests were executed by means of the Bosch’s handheld Vivatmo-me device (Bosch
Healthcare Solutions, Waiblingen, Germany) for FeNO measurements [21]. The Vivatmo-me
is a handheld device utilizing a single-use mouthpiece and a chemical field-effect transistor,
which allows the measurement of FeNO in the range of 5-300 parts per billion (PPB) with an
accuracy of 5 PPB for values <50 PPB [22], thus conforming to the technical standards of
the American Thoracic Society [23] and the European Respiratory Society (ERS) [24]. The
Vivatmo-me device measures the FeNO level by installation of a single-use chemical field-
effect transistor. Following a short self-calibration by the device, the subject is requested to
exhale through the single-use mouthpiece in a steady flow for approximately 5 seconds. At

the end of the measurement, the FeNO result is instantly displayed on the device’s LED
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screen. In order to minimize possible cross-contamination s, the study personnel were
properly protected with full personal protective equipment (PPE), and the Vivatmo-me device

was thoroughly sanitized between uses together with single-use mouthpiece replacements.

2.5.Statistical Analysis

Statistical analyses were performed with IBM SPSS, and graphic representation with
GraphPad Prism software. Given the small sample size of the severe outcomes group, all of
the continuous variables were analyzed by means of a non-parametric approach which
included the Mann-Whitney U test. Categorical variables were tested with Pearson’s y2 test
for contingency tables or Fisher Exact test, as appropriate. Correlation analyses were
performed with Spearman rho (p) tests. Survival analysis was by Kaplan-Meier survival plots
with group comparisons assessed by the log-rank test. A univariate binary logistic model was
used for evaluation of the association between FeNO and severe outcomes. The
discriminative capability of the model was assessed by a receiver operating characteristics
(ROC) curve. All statistical tests and/or confidence intervals were performed at 0=0.05 (2-

sided). All P-values were rounded off to 2 decimal places.
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3. RESULTS

3.1.Study Population

Fifty-six patients (mean agexstandard deviation [SD] 56.5+17.2 years, 51.8% females)
were enrolled in the study. Table 1 describes their basic demographic characteristics. Only
the variable of age was significantly different between the 2 groups, with the home-
discharged patients being younger than the severe outcome patients (54+15.6 vs. 64.2+14
years, respectively, P=.04).

3.2.COVID-19 Hospitalization and Outcomes
Table 2 details the vital signs, laboratory values, and x-ray imaging findings at

presentation to the ED for suspected COVID-19 infection. Both study groups had similar
symptoms (data not shown), with the exception of the complaint of fatigue which was more
prevalent among patients in the severe outcome group compared to the home discharge group
(78.6% vs. 47.6%, respectively, P=.04). Time from onset of COVID-19 symptoms to
presentation was comparable between the groups (8.7+5.4 vs. 10.2+4.6 days, P=.1). Vital
signs at admission (heart rate, blood pressure, and body weight) were similar, however, body
temperature was significantly higher and the O saturation measurement was significantly
lower in the severe outcomes group compared with the home discharge group (37.97+0.97 vs.
37.35 £0.81°C, P=.04 and 89.7945.18 vs. 92.76+7.23 0,%, P=.03, respectively). Laboratory
values, including acute-phase reactants (hemoglobin, white blood cell count, platelets, INE
and CRP) were similar for the 2 groups. Most (n=52, 92.9%) of the participants underwent
admission chest x-ray imaging and the findings were similar for both groups, with pulmonary
consolidations being the most common finding.

The administered COVID-19-related medical treatment (dexamethasone, Remdesivir,

Proton pump inhibitor [PP1], Clexane, Actemra) was similar for the hospitalized groups (data
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not shown). The length of stay (LOS) was significantly longer in the severe outcomes group
compared to the home discharge (median [interquartile range, IQR], 9.5 [7.75 to 17.75] vs.
5.5 [4 to 8.25] days, P=.001). Six patients in the severe outcomes group (42.9%) required
further care in an internal medicine ward or in a dedicated medical facility after being
discharged from the COVID-19 ward, 6 (42.9%) patients required ICU hospitalization, and 2
(14.3%) patients died from COVID-19.

Thirty-one home discharge patients (73.8%) and 34 severe outcomes (81%) patients
participated in both the 14- and 28-day follow-ups. Loss-to-follow-up rates were higher in the
severe outcome group, with only 4 patients (28.6%) responding to the 14-day follow-up call
and 5 (35.7%) responding to the 28-day follow-up call, possibly due to continued
hospitalization and treatment elsewhere. There were no group differences in COVID-19-
related symptoms at 14 or 28 days following discharge. According to the TLVMC databases,
while no mortality was reported in our cohort during the follow-up period, 2 patients from the
home discharge group required hospitalization during the follow-up period at 6 and 11 days

post-discharge (data not shown).

3.3.Enrolment FeNO Measurements and Implications for Severe Outcomes
As shown in Figure 1, the admission FeNO measurements were significantly lower in the
severe outcomes group (15.9+14.7 vs. 25.8+13.8 PPB for the home discharge group, P=.008).
Inter-variable Spearman’s p correlation analysis was performed to assess the association of
admission FeNO with severe outcomes, length of hospital stay, age, gender and asthma. Of
these, enrolment FeNO measurement was found to correlate significantly only with severe
outcomes (p=-0.39, P=.006) and age (p=-0.36, P=.01), with both correlations being negative
and with intermediate potency. The Kaplan-Meier survival analysis for severe outcomes is

shown in Figure 2. The mean£SE time from recruitment to the occurrence of a severe
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outcome for the entire cohort was 23.9+1.2 days. Since there is no established range for
normal FeNO levels, we selected the lower quartile of the entire cohort (11.8 PPB) as the
cutoff of a low admission FeNO measurement. Using this definition, the mean+SD time to a
severe outcome was shorter for the low admission FeNO measurement group compared to the
higher admission FeNO measurement group (19.3+3 and 24.4+1.1 days, respectively, log-
rank P=.0002; a difference of 5.2 days, 95% CI 1.1 to 4.3). The univariate binary logistic
regression model revealed that an admission FeNO measurement of 11.8 PPB or less was a
significant risk factor for the prediction of a severe outcome, with an odds ratio (OR) of 12.8
(95% CI: 2.78 to 58.88, P=.001) and an area under curve of 0.752 in the ROC analysis
(Figure 3). Overall, an admission FeNO of <11.8 PPB had a sensitivity of 61.5% and a
specificity of 88.9% to predict a severe outcome. The small severe outcome sample size

precluded multivariate model assessment.
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4. DISCUSSION

In this study, we assessed the efficacy and feasibility of an easily obtained admission
FeNO measurement as a biomarker for disease severity trajectory among hospital-admitted
COVID-19 patients. In our cohort of 56 patients, that FeNO measurement was significantly
lower among patients with severe hospitalization outcomes as determined by death, ICU
admission, or hospitalizatiion in a medical facility for continued care, compared with that of
patients who were discharged to their homes. Furthermore, an admission FeNO measurement
equal to or lower than 11.8 PPB was found to be associated with an earlier occurrence of
severe hospitalization outcomes, with an FeNO level <11.8 PPB serving as a significant risk
factor for these events in a univariate logistic regression model.

The FeNO level is a broadly used method for diagnosis and surveillance of various
diseases, mainly respiratory [9-13]. In an attempt to use FeNO measurements as a diagnostic
tool for the identification of COVID-19 disease, 2 studies compared FeNO levels of healthy
controls to those of COVID-19 patients [25, 26]. Contrary to our results, both of those studies
showed mildly increased FeNO levels for the COVID-19 patients compared to the controls,
however, most of the studied patients had a mild COVID-19 disease course, with many being
outpatients. This implies that a high FeNO may serve a marker of a competent inflammatory
airway response [20, 23], and defining COVID-19 patients with low FeNO levels as being
unable to amount such a response, which could suggest an added risk factor, as also
suggested by our results.

Other clinical scores for the prediction and identification of severe acute COVID-19,
such as the neutrophil-lymphocyte ratio (NLR) [27], early CRP [28], and neutrophilia and
coagulation dysfunction [3], have been previously described with ORs and hazard ratios

ranging from 1.14 to 1.61. Examination of these clinical scores of our cohort failed to reveal
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a significant difference between the 2 study groups. In comparison, the admission FeNO
measurement was found to be a superior tool for the identification of severe acute COVID-19
cases, with an OR of 12.8, all the while being an easier, more rapid, noninvasive, and more
traceable tool.

Some limitations to this study bear mention. In spite of the study team’s efforts,
recruitment of COVID-19 patients within the wards proved to be difficult, limiting the
sample size. The small sample size also limited our ability to relate our results to age
differences between the groups, although FeENO measurements reportedly do not seem to
differ across different ages in adult populations [29]. Additionally, it took place in a single
medical center, and a single Vivatmo-me device was used for all measurements. Lastly, our
study population did not include smokers or reported COPD patients, which may limit the
applicability of our results to wider populations. At the same time, however, the absence of
smokers in this study serves to further strengthen our results by essentially removing that
confounder which is known to reduce FeNO levels [30, 31]. Further studies are warranted to
determine disease-specific population nomograms as well as assess the precise efficacy and
sensitivity of FeNO measurements of COVID-19 severity across wider populations, possibly
alongside correlation to pulmonary function tests.

Our results suggest that bedside FeNO measurements during hospitalization could serve
as a support tool for decision-making among medical personnel when considering home
discharge from the ED, COVID-19 ward hospitalization, or ICU admission of confirmed
COVID-19 cases. Furthermore, given the portability, ease of use, and rapid results of FeNO
measurement devices, the use of FeNO in the context of COVID-19 could be further
expanded to community clinics and remote locations where auxiliary tests may not be readily

available.
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5. Conclusion

In conclusion, low FeNO measurements may indicate a susceptibility of patients to
respiratory complications of COVID-19, a clinical entity that may overlap with other
inflammatory airway conditions, such as active asthma, pulmonary co-infections, and
smoking-related respiratory disorders. This tool is affordable, easy to use at bedside, and
provides immediate measurements that may have clinical applications even in remote and
low-resource facilities. While requiring further validation and conformation in larger cohorts,
our results support the use of FeENO measurements as a another resource for the clinician’s

decision-making process in the management of COVID-19 patients..
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Table 1. Cohort characteristics

Entire Home Severe
Variables cohort discharge outcome P-value
(n=56) (n=42) (n=14)
Age, mean (SD), y 56.5 (17.2) 54 (15.6) 64.21 (14) 0.04
Sex, Women 29 (51.8) 24 (57.1) 5(35.7)
No. (%) Men 27 (48.2) 18 (42.9) 9 (64.3) o
Comorbidities, Cardiovascular 11 (19.6) 7 (16.7) 4 (28.6) 0.44
No. (%) Hypertension 20 (35.7) 13 (31) 7 (50) 0.2
Diabetes
11 (19.6) 7 (16.7) 4 (28.6) 0.43
mellitus
Chronic
respiratory 6 (10.7) 4 (9.5) 2 (14.3) 0.63
disease
Malignancies 7 (12.5) 6 (14.3) 1(7.1) 0.67
Immune
3(5.4) 2 (4.8) 1(7.1) 1
deficiency
Asthma 8 (14.3) 7 (16.7) 1(7.1) 0.66
Smoking 1(1.8) 0 (0) 1(7.1) 0.25

Bold indicates significant.



Table 2. COVID19 hospitalization admission vital signs, laboratory and imaging

Entire Home Severe
cohort discharge outcome P-value
(n=56) (n=42) (n=14)
Time from onset of symptoms
8.7 (5.3) 8.1 (5.4) 10.2 (4.6) 0.1
to admission, mean (SD), days
Weight (kg) 86.13 (16.4)  86.04 (18) 86.31 (13.5) 0.94
Admission Temperature (°C)  37.51 (0.9) 37.35 (0.8) 37.97 (1) 0.04
vital signs  Heart rate (BPM)  88.59 (15.5)  88.83 (16) 87.86 (14.2) 0.81
and Sa0; (%) 92 (6.9) 9276 (7.2)  89.79(5.2)  0.03
laboratory, ~Systolic BP 136.27 (23.4) 135.17 (24)  139.57 (21.8) 0.37
mean (SD)  (mmHg)
Diastolic BP 76.75(11.3) 76.33(11.8)  78(10.1) 0.51
(mmHg)
Hb (g%) 13.09 (1.97) 13.19(2.02) 12.79(1.85) 0.52
WBC (10%/uL) 7.54 (3.9) 7.79 (4) 6.81 (3.9) 0.24
Neutrophils to 9.6 (18.6) 7.23 (6.4) 16.6 (35.3)  0.36
lymphocytes ratio
(NLR)
Platelets (10%pL) 1917 (62.1) 196.2(59.8) 178.4(58.9) 0.34
CRP (mmol/L) 104.6 (86) 101 (92.4) 101.9 (58.8) 0.27
INR 1.04 (0.1) 1.03 (0.1) 1.07 (0.1) 0.16
Venous pH 7.39 (0.06) 7.38 (0.06) 7.39 (0.05) 0.57




=1

Chest x- Pulmonary

42 (80.8) 29 (76.3) 13 (92.9) 0.25
ray consolidations
imaging,  Pleural effusion 2 (3.8) 0 (0) 2 (14.3) 0.07
No. (%)  Enlarged cardia 9 (17.3) 5 (13.2) 4 (28.6) 0.23
Length of stay, median (IQR), 9.5(7.8t0

6 (4t09.8) 5.5(4108.3) 0.001
days 17.8)

1  Bold indicates significant.
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Figure 1. Study admission FeNO measurements and hospitalization outcomes. Box plot of
FeNO measurements for the home discharge and the severe outcome groups. Lower and

upper whiskers represent 51" and 95" percentiles, respectively. **P<.01.
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Figure 2. Kaplan-Meier survival analysis. (A) Survival analysis for the entire cohort. (B)
Survival analysis for the low (dashed line) and higher (solid line) FeNO measurement groups.
The cutoff for admission FeNO measurements was determined as being 11.8 PPB.

***P<.001.
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Figure 3. Receiver operating characteristics (ROC) analysis. ROC analysis of an admission

FeNO measurement <11.8 PPB predictive model for severe outcomes.
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Highlights

e COVID-19 reduces ACE2 expression, which may reduce NO airway production.

e Fractional Exhaled Nitric Oxide (FeNO) is an easy, portable, affordable and non-invasive test.

e FeNO measurements lower than 11.8 PPB are associated with poor COVID-19
hospitalization outcomes.

e FeNO measurements can assist the clinicians’ COVID-19 decision making process.



